1st  Lecture  of  Operation  Research  2 


Duality  and  sensitivity  analysis: 

Primal  Problem: 

Cj  Xj 
7  =  1 

Subject  to  : 

atj  Xj  =  or  <  or  >   bt  ,       i  =  1 ,  2 , ,  m 

7  =  1 

Xj  >  0    ,  j  =  1 ,  2, ,  n 

In  standard  form  : 

Cj  Xj 
7  =  1 

Subject  to  : 

)         a.ijXj    =  bt  ,       \  =  1,  2, ,m 

Xj>0    ,  J  =  1,2, ,N 

Note  That: 

If  the  primal  problem  is  Max  then  it  becomes  Min  in  Dual  problem. 

Every  constraint  in  Primal  correspond  two  variables  in  dual. 

Every  variable  in  Primal  correspond  constraint  in  dual. 

Dual  Problem: 

biyj 

£=1 

Subject  to: 

a-ayt    *  bj  ,      j  =  l,2, ,N 

i=l 


Example  1 : 

Find  dual  for  this  primal  problem  : 

MaxZ  =  5Xl  +  12X2  +  4X3 

Subject  to  : 

X1  +  2X2  +  X3  <10 

2X1-X2  +  3X3  =8 

X1,X2,X3  >0 

First  step  in  solution  to  get  the  standard  form 

j5  ta*  Equality  equations  4jja  ^  Constraint  -51  J£  ^1  ^1  ^j  standard  form  v^*  3-?-,-a-  Jjl 
Equality  Equation  '*jy-a  ^  ja  _>1  i_jL  s  <i*  £j^  J>a  >  j1  sj^  si  t-iuii  i^A  <  Constraint  -SI  ls^ 
.ja  U  lsj  <uu*a  ^  4JLu*ll  ,jj  (_5^c  (^ffl  (jjljJI  constraint -SI  csj 

,  ji^a  JxU-ttj  objective  fun  ^J  W^aft  til  ^1  ^jL-VI  Jjja  UJa  »:£  j^uj 
»MaxZ=     X1  +  12X2  +  4X3+0S1 

S.T: 

1  XI  +  2  X2  +  X3  +  SI  =  10 

2X1-X2  +  3X3=8 

XI ,  X2  ,  X3  ,  SI  >  0 

Dual  : 

MinZ  =  10Yl  +  8Y2 

J  Jl#  2  Constraint  Wa  Primal  -51  ^  c;^  SJLull  jlj  Min  J^>  Dual  -51  ^  Jw   Max  tfJJe  3JU^1I  jl 
^Ijj  R.H.S  -51  t>  obj.  fun.  -51  ^Ijjii-  CjX.U-  ujsjj  Yl ,  Y2  ls-^  ^  ^1  2  variables  W^  i^iy*  Dual 

.yLwJI  ,jj  (_5^c  ojj_>?.>«  (jlSI  Constraint  -51 

S.T: 

4  Constraints  cs-^  ^Lua  ^Lu  XI ,  X2  ,  X3  ,  SI  Primal  -51  ,J  <5L-5I  ,J  4  Variables  u^c 

1  Yl  +  2  Y2  > 


4JUJI  J,  ^ic  ^111  Constraints  -31  ^  XI  -51  csyu^  Uq^jI  Variables  -31  £i4  1 ,  2  ^^UJt 
<j^l  lSj  Min  jl  Max  l*^  ..  <  JjiA  Min  CjjIS  jl  ^jL  >  JjiA  ^^sjj  Max  -UU^I  jUilc   >  C:jUi.i  <ul  t_iL 

Objective  fun.  -31  ,J  XI  -31  cU*«>  ja  ..  u^-u^.  r.h.S  -31 

2Y1-1Y2>  12 

Yl  +  3  Y2  >  4 

Yl>  0 

Y2  is  Unrestricted  -w»j  •"»-  <_£«  u«j 

J  ^  jL-all  t^jUu  jl  (>  jjSI  ^.JLua  -Oia  yl  iia.  ^V  Restricted  to  non-negative  values  ^^  Yl  -31  Uil 

Yl  >  0  j^VI  Constraint 

Y2  j*  (jM  Unrestricted  Dual  Variable  tpW  equality  constraint  ls^  cP>  ^  ^j  4JL»*]I  ^  ^ 

Then  every  equality  constraint  leads  to  unrestricted  dual  variable. 

Example  2: 

Find  dual  for  this  primal  problem  : 

Min  Z  =  15  XI +  12X2 

S.T: 

XI  +  2  X2  >  3 

2X1-4X2  <5 

XI ,  X2  >  0 


Min  LS-^J  MaX    <H-^a3l  llul£  OjIs  ,_siil  SjaII  (jAiJb  (_>>u  iajJaHj  J^JI  yuij 


Standard  form: 

Min  Z  =  15  XI  +  12  X2  -  0  SI  +  0  S2 

S.T: 

XI +  2X2 -SI  =3 

2X1-4X2  +  0S1  +  S2  =  5 

XI ,  X2  ,  SI ,  S2  >  0 

Dual: 


MaxZ  =  3Yl  +  5Y2 

S.T: 

Yl  +  2  Y2  <  15 

2Y1-4Y2<12 

-Y1  +  0Y2<0    -^  -Y1<0 


0Y1+Y2<0      -^  Y2<0 


